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AN INTER FERENTIAL INVESTIGATING- RELNTION

'METHOD FOR-STUBYENG THE GONRRSEICH Bm{m

THE STRUCTURE OF WAVE SURFACES AND THE
STRUCTURE OF ‘%4 ENERGY=-DISPERSION SPOTS .

i

A+ P, Moroz ,
(ZhTF Vi3, Mar'48) AR

1, Theory of the Mathod ‘ B
iuneture \
J Let a certain plane intersect the oond-*téen of the normal to &

T aI/ of v let us consider the
she wave surfaces (rays)] w arbitrary structure; andp@dm

Fm‘n-\-, or

spot,of 4ie energy dispersion, whicl

plane as & monochromztic point enitter, The stri\l

dispersion pﬁ*m depends f“ the atruc.ture of t.

Wit heqger
ite mgetriotion, Within the linmits of the

Juncture

the m&meﬂion of the normal to the vave

spo
structure of the energy-dispersion p&n‘u

s I'tiow, ,
‘'of each oinb of intersedtion of the

is determined by the
plane with the normal t the »edad 1 / relative to
the section of the ' dlrvature of various
mormal cross-seciions meh T et blement of the

) '-“ gth of this section.

spot
The macrosfructur ! g dispersion pgknt\.a and

periodic microstructure appears ’bhe result of =n interference of ’
¥ (Condtn, ,4‘(31.1»

omm&md- point of’ "the dispersion spox

by the Huygens = Fresne/ | R

_ulation,,w.i.tb.swgom'-ﬁ‘—mmllﬂ/principle,

diaturbancef, occux)é.ng in everyf

the _entire
from -al-l/\wave aurface? Ca
of the’ﬁistrubu’oion M‘(eﬂ gy: in; -bhe'dispérsﬂ.on sﬁcto?‘ ‘For' anpoint®

monochromatic emitter agt can notAgive a pleture of the macro-
7

' 2 pbserved in tests,
structure of bhe energy-disperaion spohﬂ' W&M& since, in
mosiva.
the case of a point emttber, mﬁmﬂﬂ—em:g-’l-eﬂ in corresponding places
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of the apotﬂ' cen, not ?’Merg}”}y) MJ be aepa.rabed hzr&nrh

brightneoa as;ompared with other diﬂ‘racticn mgmm However, -bgnpn \ P“‘“’
(wvﬂn i Trerenses i, edls

n o e diamat.er am«ib;j repraaent:l.ng the emitt.er, ;

\ Aiﬂ‘raohian contours Mo—éhpeﬂten-m; ooinciding wfbh 1ts macro=-

atrucbur? pioture wiing=to Mg podrbiroetianet

ihoedisdy-mist romain uha.rply oullined &%&Wv&uﬁ-ﬁm other

onsideration

diffraction contours ofuﬁb dispersion spote are fading.
ot Xo "
abben of the paometry of wave surfaces permite%l localizawdbonwol the

r

] i’ééﬁre:,\';&-tho macroatructur;v of m energy=dispersion spote and @ o

b . i
v digoriptionwed its chamcteriatica.

[, ‘

(A CLASSIFICATION OF s Vi moanTs emmACROS RUGTR
s v
OF % ENERGY~DISPERSION SPOTS

; l . a ehsnrmav\'SPﬂS
: ¥ ‘ There exist three specific types of energy concentration inibke

"-“.'E Tmake Wi e gpot)

macros ture, These

o

-

elements

ereibhe focal meucleds, slements of the] piéﬂure of—the |focal 1ina,

and di.ffusion elements. The elenents of,,dLspersion spoto,\ belbng
posses
to -bhe given type of concentration,.hﬂ#q characteristic properties

RO which determine their role in formation ef=the-plobura,

i convenient gypgider| o posec
v 1t 'to. wave surfaces whish & tade-wp of elements.
swi :::ﬁagaas aces : of elaments
’ The normal to each ofpelements coincides with the ray emanating from

the corresponding point of the diqcharge focul of the aberrabion system.

(av\mu“; l b
Let us emanine any arbitre.ry element of a wave surface and; wq normal )

sengg@él«»edﬂ% ite Th % curvature‘ dii of various normal crosse sec’oiona

m
of this element can be fiffbrent (astigyle.tic elemen‘o) or oarbe alilte

g
’I‘h%é:urvatgg_gj center;’\of various normal crosg-sectione of /
( Y I?z T ofow\rdm

(a{astigmatic alement).

){eie:?xenh e-f—ths (vave surf rface) forA egment
- /
{ﬁ)[pairs of itsAc\ross«»secbions by-e&we-b&m—eon%m (astig/matic differene

-2 -
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(in the ¢ ,.M.MJ[» N paia |
Bach point.#‘ h urvabum%m correspond to & porma.l erogs”

sootdont of e 'w&ve-auri‘ace element whoal;%re fouax‘m“}

in thie po:Lnt.. The angle between these normal cross-sedticns ohanges \ru/u.a(.d

{
Wﬁm p;ti_n’c. to point of the ewsvebure—senber sogmen

ens remaam s

It is equal to zero 4m tha polnt representing the (ggﬂgjg_:j_iScentor oﬂ/aﬁ
the main cwosessection of -tha‘ waveepurface olenent, a.nd?’conuequantly,"‘

in the case of tﬁ:’ astignatic wave-surface element, /\beoomee zero ;wice. /
i ¢p emrt%
he-epeeifio

’ ' Wavessurface elements, ini%hich-the system converts

ineident upe
wave Satiirm-en it, dan be ditingmhed.w .

; . 1) In the sensc of the lenjth of th@@aogﬁﬂ; aving

‘ @&f-\r@enwr%’of the normal cross-section of the wave surface

’ element. The wow¢ sueface canﬂn particular have plements -fur which
(e wh;!eowlinnggﬁ becomes zero (a.naabigmtic"hlements ¢ wa.ve-surfe.ce), . -
P 2) 4n the dnfe of tho ALGEESTS thts segnent, of Wk v 5
curvature m on the normalj .

3) In the sense of the orientation ofl\\pair?‘of Al

mutually-orbhogorﬁtxgross-aections of -'bhe wave-surface element.

The geonebr:.c-«p-’h&ee of the(curv a‘l’.ul;"é< centers ci\)'th‘{a main crosse

E’ - Each astigmatic wave-surface element forms two points of this

/ ,JA 4"{ ( ()\H“‘S)
' surface, \one relative to another along the corresponding mormal.
Each e.nnatigﬁmtic wave-surface element forms one point of the caustic

/P
surface == itm%&hﬁ". The wave surface can contein anastigmatic elements

(UY‘"""‘U'\ CQ/»CY:ULﬁ J Comvron C.M—\C- i
ha.ving )gmra—l/\c ature ~center. which forma 5 consequéntly, a -gem?\evl |
VYoo A

-point of the caustic suric‘fce. nberst vﬂ%@astigmatic

L
wave-surface elements ‘m}? jnot hewe—to coincide. In this case they form

various%f of the caustic surfacerwhich can appearysoe&%?’ in

space on the corresponding normals in any way/ and in pwnticula;-/ in

one focusing plane, ,,@\

H

The interaection of each of the normals: with'{ocusing plane deter=

-3 -
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B

b o t sections of the wavessurface elements forms the caust:l.c (focal) surface.
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v

mines & certain point of the dispereion spot. Tach point of the dis=

persion spot cen appear variously dietrnbuted along the normal, to which

-\ _,,...,-

it belongg, relative to the segment of the (curvatur ) eentere o%(he

corresponding wave-surface element. The length of this eegment can

wé\ae—w f

Athe élenente of the energy-dispersion spots can-be—okanslilad.

1. Foecal P(ncleue. This ie an element of the dispersion
"\U‘J Cobremds b

epoto(}/ ound its point?ﬁ.ncidins wft.‘%curvature -center of the
anastigmatic wave=-surface eloment, The dispersion spot can contain
geveral focal nuclei, e one focal moleus, or none.

2, Element of the foca.lw This is an element ol the

4k
dispersi.on spot around :Lts point coinciding with/\eurva ure eenber of

one- as.awe pair?/ £ main croes-sections of an aetigmatic wave=sur'=
fece element, The picture of focal lines of /&ho energy-dispersion

spote is formed in the pntersection of the plane with the caustic

surface. BEavh point of this plcture is connected by & ray with a
/

certaln point of the diecharge pupll of the system,

The focal-line element can be degenerateut the poin:o/ whe,\\ the

)

e
eaustic-eurface»-oa.viby’ degenerates into the line i‘or:;%’ in the inter=-

section with the plane #& [tho referred-to Eoin;?. For example,in the

herrea
/7 4 sberration, one of the caustic-surface’ e’a,v/égiee de=

case of

generates in a straight line coinciding w:Lth the axis of the system.

3,  The diffusion element of -’eh? dispersion spot is formed

around its pointQ}/ which does not belong to the caustic surface, This

is ‘ohe internal diffusiga eloment.y . Hitdeones when the point is -fe&né-’tc(‘/
Ty a . ‘

Within the segement of hhe mrvature -een‘erers of the correaponding vave-

LG —
gurface elen 5 /{n the opposite ca,se it is the external diffusion

LS

elements As 8 result of restricti%A 1:16- ‘wave eeri‘ace, the energy can

be presen‘o[in the points mkdaeh-de no‘o _ o'rthe rormals to the wave

surfaces. The elispersidn-spot wlement around such points are diffusion

-l -
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e ﬁ recction

dmu\ttqnary elements. |

Normals to various wave-surface elements can be interaectad and
conaequently?(/” be superimposed o diffusdon-spot elements of 't
or slmllar yy eak

ey e SACS 1‘!4( akeng the {
fi‘ ﬁ%’ norma.lo to v /annatibmtic wave-surface element no-w%d

then hhe corresponding diaperaion-apot element d?:w various plun@a et -
m A cwm«nw

urlly becomes .q exte nal diffusion == focal mucleus == external dif=

fusion eXememt, In the case of the astigmatic wave-surface element,
AMertdtive iy

the diffuslen-spot element.psedualdky becomes /p}/externnl diffusion
== fooalr 1ine elenent ~-=- internal diffusion == focal-line elemert == .

external diffusion edement,

The energy-dispersions spot can contain elements of all three:

?\ Aceet 4Uw8
typesYof concentration or only ceptain of them,whbeh:cmomon& to

ho wave.surface structures - ' e p——

'
é ' Wave\rgurfaoesil\bermtioﬁ, Ieophaae lines omt.xo Pupi-:}? and clase- @ /] /75 )

ification of the discha:c‘ge p_wil Elements of an Optical System

e a/omen.
/ T an optical

Yoo \m'r vrs ﬂ' / .
system im-the—vkoinity—of its point (0] from which a re.yqn;ionp given ;

olnt (LQ oi‘ the dispefision spot,
g P cal p/x P -, bright spotyor
Let n-epeei.-:‘.‘-i—e light wave, whose center coineides with th?/\ ocus,

““Let us study the properties oi‘%osdiacha.rge ,pup;'.

encounter an optical system and g converted by it.

We can compare the ee-bwai wave surface, emanating from the system,
with spheres whose ce;ﬂ:ers coingide with various points (»Q) of the
dispersion spot in the given focus plana. Thg physical senffg of such
& comparison is included in the fact that the Efet;\.)/ wave sutface is

Lot ¢f o

compared with wave surfaces whieh e*d.st/,g;n the/(iéeal system whose centers Oj'

curvature eemters would coincide with the studn.ed points (§2) of the
dispersion spots In the general case #h% abemtion%eystem MW‘LQ

# no gﬁ ving prefex{ﬁce to a-emmeen% some
w sphereo{ mw‘) TVICVENG
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/

enkl,
About any point (/2) of | tﬁédiaperaion spot, m’ can ﬁ con=

a
str;cted, ag around the center of -the aphere of a corte.in radius 2,

a!gompariaon /wi-th—e. spherq?’ tangent to the wave surface at point (0)

whose nornul contains t'.h:l.a po:\.nt OJ?). ga»riﬂiamaf the wave sur=-

face from the comparison abhere 4.: ‘read along the radius of the latter

repitsent

li-a—e valuesof the wave aberra.tion {G o{' the ayatem for the point
ecm/)arﬂon #er

(Q). 'I‘ha intersection of each radius oft -ooaxwfd sphere withAdiacharbe

and,

supil i‘orma ite point for which the wave aberration i determined along
this radius, Thus, -bga.r.é can ¥# conetzyl’ctcé :gl\functioni of the cour~
dinates of the points of the discharge Lpupil (or some other pla.ne)

of -%he ayetemf a surface ol & vave aberration I .9 s for the utudied

point (f2) of the enere,yeaispersion spot.j whiehl charactorizes the deviations
real wave sfpel) spherien
of the W from the aaoei-r-h wn.ve surface whose center coincides

with the studied point (AQ). The auri’a.ce of the wave aberration corres-
Nhﬂ

ponds to a 9)?# of isopha.s,q (isoaberra?gl—) lines on the discharge Lau.pil

of the system for the point OQ). Each such line wem tha‘pupi.;. point

with afm'vuue of the wave aberration for 4de point (f2). Let 4he A
element (0) of the whve surface, badinte from &Q: arbitrary element (0)

of the cu.scharge pup:.l,\;\:y.'téiem. The point (2) of wv.L;)LLerwcL:Lon of 7

the normal to the element (0) of the wave surface with a certain plane

represents the studied point of the energy-dispersion spot in this plane,
Let the center of the compa'xgé sphere, tangent to the wave eurface‘)‘/
at the poim'o (O) , be located in this point (2). The compa.rﬂd sphere

Adelgny zronlly
/W (‘ohe point (JZ) a surface of wave aberrationf and 9'.7-/%6

aberratio) orresponds ‘oo the elgment (O) of thh wave surface,

//g/ﬁny comparison sphereez,\can% construct} which are tangent to

the wave surface at the poin‘o (0) and whose(cﬁmﬂl_r_recem;;z:are

),ed‘ii—n various points OQ) of the enpmined norma%., :
~ What are the proper‘oies of the element (0) of ‘the swietase-of wave -

.

b=
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o
5WL60~¢L w "
aberratdon,g n.and iaophaag lines :anthozvioinit »of\m arbitraz'y point
/oW }.—

(0) of the ‘aischarge pupil 2 PATSY of »h—-pupﬂ containa Wpoint W2)

/eof nerdi'nt
| W wa.t.h the center oi‘ the compg.rgg fgphare\-&uq-%e‘ﬁ}h
aﬂ;’é’m” of the element (0) of the wave surface and wit.h the ro!-'h"“
“_,’*"

_S=dasetizn of the point (82) on the normal?\ ‘ ,
[2 ‘e
... Let .na‘wﬁmx\u uza .orosp-section &f tho Qupil element (0),

( (section)
the nteraection with the' pupil plane of &

whi‘o;&@\a represented as
tain nomaal cross-s ‘*Qtion of the element. (0) of the wave surface. = ¢ h
: ¥a

vsc-t Ct— y
iedowdth the center of the |
TR @

(-39

Let the studied poin (7)), wikoh

conpa. sphore, be shifted along the norine

I

1
(cuwatureSoenter oﬂ%he examined normal croaa-aection of t %{dwe
. NN\
surfe.ce ehment(o) V\ ' I
Y\XA)'L/
t4 in-the

Wi'r.h /f‘ geometric construction it is ezsy to see thal

vicinity-of the point (0) of the pupil pla.ne “(or any other El )>
I (0") in the examined croes-aectio /\

the wave aberration I

[lovara
of the pup:.l ig dbscribed by the;\e:'cpreasicn.
Iﬂ (@) — ?/:\' a*eos (j ) 30@
_ , | g0 ZhTF)
~’(j%~.v-.?‘., Y -—«\ /‘( -3 /

where Ci 35 ﬂ&he 1inear distancesin the exa.nd.ned cross=section of the

. pupil element (0); r is the radius of the compareﬁ sphere whos &\ur\ra-

ture wesber coincides with the point (19) and which is tangent to the

(kW‘“"’\
wave surface abt the point (0)3 'Y is
lineawh—:i.-eh i‘orwqhe plane of the normal erosg-section in the plane
the point (0) and in the

/
g=-gedtion

the angle between the straight

whtck=to tangent ‘oo the wave surface ab

pupil plane,/[: P 18 the radius of curvature of the examined cros
of the wave-surfece element (0). Ih follows fg&\r&\(l ) that when =0, W V!‘

%g,,@m-point (0) of Lhe,pupil (in any cross-sec’omn (Le. wgbh any Vﬂ\fu‘e@

‘ W w-LI m%tﬁ W W-'\ NﬂmMWA .
Voo i TO[ZFST 0

=0

-1 -
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40anlﬂ§
; It 45 oclear i‘rom (2) that element (®) of the surface of the wave

abc‘r;mtion ie a.lwaya v/'pxtramﬂ{ for any point (42) belonginp to the normal
&

;oﬂmve surface at point (0). The aign of this extrammin any cross-
soction of the element (0) of the pupil_ia determined by the sign 0-6 A

for the corresponding normal-ek=4ie orossesection of the wavessurface

R eloment (0), In crossesections of bllo‘v];upil'element(O) corresponding
. “ ' to the normal cz:oaaosectiona of the wave.surface element (0) whose (crors-s?d Venc) '
. coincide vith tha{ point (52) (i.e. for which A== 0
there is mc‘:&%a point; ,H‘er%;;i:ncultamouely ~bhe Mk-t-lm

[}
: ’Ql(d.)':: A (a')’a'-r. °. Ay (xsa-aberm'hah))) /;/?07
Let us exsunine the properties of the isophasﬂ]flince d-vhe woaf

-wmms.m point (0) in the plane tangent to the wave surface at

this point. These ispphaa,a\\linee describe the eleu:ent (0) of the sur=
: ‘ : ‘ face ot this point, These iaophzm% lines describe the elemont (0) of

the surface of the wave aberratinh. The pro, uection of auch iaophaso&

I
linas Mm the point OQ ) on, 'bhe- discharee pupil plane represants dives A

isophas‘ limj/.‘-.-nxtﬁa:v;tadmébyw-f the pupil point (0). We will designate
;T by g;  the linear diatancesfrom the point (0O) in the tangent plane in i L

the cross-’section, which corresponds to the examined crossesection of

- A\ ’ '
o the pupil element (0)/ The wave aberration, expressed sy tw torvno V/ Ty

A __2 ‘
@ | o =3n %" @ p 3ot

<< | ' g
Erom the general dxpression for the diu ‘We can see

that tﬁe‘/’(o,é\urvatureéé ﬁiua R, ‘at the point (0) of the wa\je-aberration

Cross —;rr tier mm.,a,m(
f‘ is equal 4o |

Dk,

sur.:*e:ce in the
2 ‘ ’J?l
Allowing for (3) @‘ can ik rewritton -5""‘"‘“ la () thuo ;

() F 307

i (5)
ifL -,__Em o
-ﬂ ) Uy -0

N SR e, - e Fie
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abldiad

A Dupin indicatrix can be constmucted for the point (@) of the

Todo/
wave-aberration aur!‘ace.?’if-\w/ this, in the tangential plane to the sur=

face at,ﬁa peint (0) it ie necessary to plot from

ea.ch tangent),\aegmantre—é&-emea equel to the square root of the absolute

Tl t, ﬁ 8
3—%0 of thecurvature radiu:/ corroupondinp to the normal crgas =gection
QNS

point (0),along

|
i

of the wave-aberration eurface element (0); i.e. the " i
=-" Y ' R.ra + Dupin's indicatiik is the central curve of the

. la

sacand order vith canter at #fig point (0)s On the otier hand, from {9- e

(5) we get

== \2 L @) YR, |
If ,/ (o) = ~ const, is’ ff_; wni .\Wﬁ/ﬂuer for various

-
Soemeare e

normal croas-sectional\o\%‘ the wave-aberration surface[glembnﬂ (0} then
the' valueg— 6 @ wh&eh—io-obtainad qgﬂn (6) plotted along the correspond-

e

, of points of similar

,O 307

ing tam'ents to tnis element. form geomettical

values of wave aberra.t:!{.on ithe-‘v&eimrty-oLk point (0), i.0. an
Lornlt

isopha.aﬂrlj ne, I'ron /\(6) it is cleanthat the isophasA li;fa dn-the ™o
el
< vpdrs poiht (O) is a central curve of the second d-egree wibh
turve)

(
eenter at point (0) sinﬂ.]ar,&o Dupin's indicatrix. It is obte.ined i
all 4ffp redius vectors ,plotted from point (0) in the tangent plane)mw’t“’ Cae

W ALY R e
equal )// K ' M(whose-%ds form the Dupin indicatrix,
thIc

q‘ﬁxged ﬁ-)vy/g?(cf-) = comt/\time .
tou e?ﬁa-e-what occurs with #¥e- element (0).o0f the wave-
(lensidery | 2f
aberration surface a.nc{Athe element, of t he isophask/lines, corresponding
to Mp waversurface -element (0), wh,en the center ([3) of the comparu!/:dﬂ

f'sCf?z At ,.:,‘\; N
_,gahere tangent at 488 point (0) is) along the rormal to the mentide NJ/

" g wave-surface elemeﬁﬂ (along the ray)s | i{.e it occupies ‘g-md&e—}:ly
different positions #% (§4) determining the disnereion- spot pointsin

{ amjg
varlous planes of the arrangement connectsq \r‘:.t the general normal.

The wave surface can contalm astigmatic and ana.sbigmatic elements.
{

-0 -

AR TPV
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Let us examine the case of the(wave- aurface)altismatic elemenu’j "\\

Posiron
For any Zeocation or the point (£2) on the rey, outside of its
centers of

segnent, containing /purvntu.re gentere of norinal cross -aaotiona of the
wave-surfave elemont (0), the point (0) of the wave-aberration eurface
is ellipticsl. The isopha’é}( line 48 an ellipso with-#§l center at B
point (0) and with axes which coincide with the directions of the mein
oross-sections of the wave-surface element!

r /-/:
Fé 4 “tri:n-ﬂror the point (53) within the mentioned ;#a.y aagment,

the point (0) of the wave-aberration surface e 8 iuperbol& ’\;fa‘ophas” {
line is represented here as a pair of coupled hyperbolas with centor at

&he point (0) end with axes oriented as in the previous case. The

aasympt.otas of these k}yperbolas represent & peir of normal cross- ~gections
“/
of the wave eurface;f(element (0), whose/\cm{vature genbers coincide with

the point ( (52). The angle I/V between the a.osymptotes is described:

by the expression

ally — _ Au
\Az/ AV' 7,(_7 Ay (7)

where the deths ‘ave the distences along the ray from the point (§2) to
centers of
the/\curvuture gentexs of the main cross-sections of ythe wave-surface

A B dor o displacenient)
element (0). /b‘rom 7 /:‘Lt is clear't.nat, w::t:h-&-eh:.:b\oz “the studied

A
point of the dispersion spot along the ray within the limits of the
i centers Df,) ~
segment of the/\guwature oenbews, the angle between the aspymptotes‘

ten Srrine s (-
~decreases. The angle between them becomes zero when

b
the point (§2) coincides with the };urvatu;;}'@ Kach of the paire

of the main d\ﬂss-sec‘oiene of the wave-surface elements, Here the

w//(

hyperbolas p?f?# degenerateff into straight lines;ﬁxavipgx/ﬂgh.recti?/ jﬂﬁéh’» 0{ ’f/t(
nwv(

uorrespo d;;\ e main cross-section. The]hyperbola aaymptotesx n the

4

dischargy purw.mi““p plane -are the above-mentioned progdbtions
from the point (53) of the aslyn:?/totes in the plane wieksiwmdser tongent

to the wave-surface element(0), .
The point {0) of the wave-aberration surface is & paraBgJ:ﬁ. ‘when

- 10 -
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o

the point (%)) coincides with the %urveture L%ent,er off the main orose-
gection of the wave-surface element (0). ﬁimltaneoualy in this crose=

aection,f } ==/ nmfj / =( % 3} in the remaining main orose -
section only ,{ g / e

.ﬁ{ww o vt Ly e
On the last cross-aection,‘ Wd.m:r% or nﬂ.ni.mmr-cowaapon/ o'f' +he

s \"‘ va 4
Fiw&gn of #ife point (§3) redative to the ‘G‘uwnturelc enter o_;h the re-

maining main oross-section., The iaophaaﬂﬁﬁma’;a represented here by
a palr of straight lines, pareallel to the main cross-section, whose
“, rZ/ cufva.ture@é__‘}} coincides vith the point (52)e
In the case of the anastigmatic wave-surface element (0), the
wave-aberration surface element (0) remains an element of thelrotation/
paraboloid/é:)all positions of the point (:f&)= :n“‘t:’h?ray. When the
point (42) coincides with theﬁrvature@_ij ihe wave-surface

y
\element (0), bhegM aimlts.neously, / /7-'—-;_:0 anel j //% = O (7/)

' /in all normal cposs-sectiona of this element. VWhen \the point (53) A /w,, T
C\/ Ik 2 / -
does not coincide with the mentionedAcu}z'/va.ture -ocshor, Eo cos Kot ,6) 9 /a

and[ / <0 "}i.e., it is a maximum or minimum depending on the
J—

4
%til.or} of the Eoint. (§2) on the ray relative to the/"éurvature center,

Tha inonham line is a circle for all positions of the point G)?).
Ih this case, the wave-gberration surface point 1A umbilical.

If the point (f2) cpincides with thg%:urvature (ented), then 4He

péint (0) of the wave-aberration surface is focal umbilical (or simply

unbilical)s In the opposite case it is not focal imbilical,

hes Smoves
Thus, satebhe~movement=of the studied point (‘Qfﬁalong the normsl

to the astigmatic wave-surface element (0), the point (0) of the wave=
Succoszivel)

aberration sux*fa'c@‘?ecomes dn-burn- elliptical -- parabolic -- hypcrbo],a‘ -
§/ mu/’/Z?Hf&t/r//éﬁ
parabolic == ellipt.lca.l At=the =/§ s the appearance of the

f’.‘,lc \lc\me 3 v
iaophasﬂ liné\ E—m&y—ef—bhe pupil element (0) as well #res

the value ofj d:qum point (0) in various cross-sections of the
7}@ Jain \((ru(; ~sects yns)ﬁ
pupnl element (0) whireh correspondA\Q various normal cross-sections of
|

~- -

-1_1..
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hevee .//‘9 / =¢ én-bho point (0).7« 1In the case of the e,‘faatigmtic wave-

surface element (0), the wave-aberratien surface point (0) gredualiy f{/(rﬁsszlfﬁ‘/y

becomea-noni‘ocal wrbilical = wmbilical == honfocal umbilical,
wietire
Intersection of the e/ Mﬂwtrien of the normals to the wave surface
with any i‘oouuing plane mekes the point (J?) an onarey-diuparuion spot,
Caiy ey /r"*‘

Eacl'/x point (J2) of the energy-dispersion spot can be regerded ae :ﬁféenter
=th?
of/comparison sphere tangent to the wave surface at the point (0}, the .

“HAaIH)

norx..al,.aﬁ vh.ch contalns this 5_point and/\tan be conetructed for the point

e s,

(2) ﬁLhe wave {urface[aborration Elementa(o) of the wave-aberration

e e mmme s v 5

surface abrresponding to various points (5-3) of the dispersion spot in
Ao
the given focusing epot b, a8 Acentern °f/1 compnriaon apherey/-whi-ehowe tangent ( /J/' ‘ )

to the wave surface at #e-point (0), can be of five typest elliptical,
-~ hype.rboJ,'z;, parabolé% N umbiliéal, and nonfocal umbilical,
¢ y :r‘/,
! /’l’ﬁe properties were examined nbo:r—ev f the isophas'g line in the

] et o s e
plane tangent to the wave eurrace at e point (O) ormal \]/

(4271
contains the ﬁ&%ﬂe[é. point (Q) of the dispersion epot. This nornal

/\ ‘coincidea with the raywﬂf&m 4. point (0) of the discharge pupil

t
svstem. The nqnnhenn/’l ine in tha ut .:!’-.u;," of thu sunin

18 rhq.m... polnt (O/ is

' V\y‘ﬁj J Trepresented-as. the projjit:i_o’n’\;from the point (52) of the iaophas;line

R i -

wi—, in the plane whbeh=te tangent to the wave surface at @- point(o)
We can me to :;%&l each point (0) of the' discharge pupil system Lhycwt/“” 7L/
the type the wave.aberration surface point (0) boxg‘\s’:,w:f\‘on-
str/tlc%ed for the studied point. (JZ) of the energy-dispersion spet be-
longing to the ray from the pupil point (0). Thus for given poaitiona
of the luminous point and focusing planes, the discharpe pupil system

C points can be classified. They can be of five types: elliptical,

hyperbo N pa.re.bol%, umbilical, and nonfocel umbilical. Depending Mfm

@ the wave-surface structure and: focusing planes, the pupils can
enumerated )

contain all ci‘?:.h\‘ 'pes or sone of them ma;,c be absent,

- 12 =
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' it
The ray f'vom Lha umhildnq}myupil poinl, unaa=;-3nv Lhe focal nuoleus “rﬁe
»,44
hlrom the pnrabollcdl pupt] puinb/’€ ‘the piubur lemunt £ Lhg Ijgﬂl

}. { aints ] hvne o
llne}_,,. rom the elliptiemd and non[ocml umht .i(ml the/onter diffuaion
“The Jasy-

alement o!‘ the dispenaion npm. )Ax'am th
OMduwds=ba. Ll irner diffunion olemsnt,

A‘ hypm'bal’ pup:l.J.' hoint gt W\»‘u:vu,&-t'

of Lhe cltnpewa!cm spot,

To vartoun normnl m'omu-molio!m ol Mm Wave«surfnoe elenenl, (D),

Lhiere oorreapond erosm=-pecllons of Lhe le]!.‘lL alement (0) forme by Lhane

Inberensting plunen, Wa -wH{ eall Lha ovunes nestion or the pupil elenent,

(0), torresponding Lo Lhe win oro B=aecllony of Ll waves supp
B il
(0)) Lhe main oromssueulion of -ﬂm'pnm;l.l‘erlmuunl.( 0).

The compnriaon apliere,

ace elemant,

conubrioted around & certain point (.Q)
of Lhe dinporsion apol, an around a senbur,

ean appear Langent Lo Lhe
flu‘rmf uufJ T e Jl/v\-
wave uur'fumn bn-muu ﬂ Lhe mame Limu I S B B S
.8 ‘whol.e -n};n o tln pulnhe»f The nmunnl.sl,o Lhe wave' surtaos of Lhene

polnbs makes the' pupiJ poinl.n unl!‘ox'm cr' of vul'jouu Lypuese  'The Hyhb
L'uu u

Vo b
n.l:l ubm‘ln noen I'row thuse pum polnLn aﬂw—-h the point ( 52 dn\a—nn ‘M‘ ('./

Al Qe

phase,  <tn-bha point ( H)y &hero—oooum—hha-nuobdmr—oi
“tAv A g { "\“1“ :

gpob elemsnby of e—nﬂi-ﬁwm or dirflevent.ty pQ)\ ‘A change ol' Lhe compariaon

sphere, -witel4na Langent ol u ooy

the dispersion-

tain polnt (0) of the wave surface "f’o ong,

concentile wilh 4L} doss not, change Lhe type Lo whic

h Lhe pup:l,.L point,
belongy,

The compnrison sphere, Lungent ab a certain point (0) of the

Wave Builaoe, can appear concentrio with Lhe comparison aphers Langent

al anobher polnt of bhe wave surface, The phanes, wllll which the lj.gl\h

\)uvc dj ‘(n'ln N\P (or e )mlf’nl; \ A(;nn's
deLm'lumces\oo Lhe point (;Q) on/n nmrwan ﬁ—vm- ua. r //a L. u '

—

I the dlspersion-g)ol polnt 82)

toes not belony to any normal
M.v« rurfioe, Lhau Lhe sompariaon aphere construoted ay

-+t
doos not amglu- to Lhe wave surface at any point, and the wave.aberrak

extremal parits,
tion surface Qonabruoted for 1L does not have any “'lhfom"-n&hn...

The diepersion.spot, element around such a pcinﬁ (SB) la s-fiusdonamye

ound Lt

Wy

P rnnttomanys, (HH HWeive= |'f'j recfdve

-13 -
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e A A e s itk 1 s

Wave-Surface [Structure| and the Btrusture of the " EnergyeDisperolon

Spotss
hod (method of naye" :l.nberferogrm),which is ‘

1)
Linnik*a :Ln'oerferomter, allows one “+o

The proponod meb!
IT'

W
eaclly. complished(’é‘ﬁ)
‘observafir

or

aander € _\odé
of the wn!med ob:)actc’,\ . the 'discharge pupil plane ,or
ints (Q) of the

ferograms for various po
o nﬁéﬁdﬁ.gnvd"\fd-th the center of the
the above-sit wamined

in any other plane, (i.nter
pot,wwhi‘eh_

energy-dispersion 8
gran represents

which descri.be the wave-sberra-=

’|b$i|

comparison sphere. Such an 1ntarfero

'S:-groli\; of 1samrration (iaophasg) 1ines

tion suri‘ace for the glven point(SZ). ﬂQ‘l_e "eyea" of the interfero= .
& %o the W”ext'remal

we Sht(” e
Wil-pe collefibs elonents=whieh corrnspon

face for the po:\.nt (S8)

""{“"W the pupil elenents from which the rwﬁm to the point (£2).

The interference ‘band M@W the pupil poj’.?rg;_ (0), from
‘el 17 /7))
(Y i ng (itﬁ"oh{ center

parts of the wa.ve-aberration sur The "eyes“

ray comes to the point (52)
represents the projectio
for the wave- surfuce point

o the type

which the
n from the point (‘2)

of the comparison sphere,

of Dupin's {ndicatrix whieh—te construched”
posses ~hat
prnnerbieaAdependm

: (0)s The ngyes" h?’re charac.buriutiﬂ
% /wmz‘
H

This permits enc

ok

to which the W&e pupil/\surrcunded*’by them belongse

fW the discharge-pupil point of the ex=

amined system for glven positions of the emitber and focusing plane. Ore ca¥
chserve, C [
£ vax/'\oue types of pupil elemen'oa/ g

! o propertles stow Lemedintely £ound/0
116
R——
‘c.ion, and”thed their coordinates X, ¥ m§ de‘oermine}.

the nature of their formstion, &n
AN bferve which 4
the

(3
¢ In particular,'bheiqpa (and i‘oaf-e;e?fﬁ%) p-fioging urroun
' [ )
v, :Ll point (0) of & given type (from which the rej .ﬁeorgrbe e _point (2)
pup ( WATA \-j':f'qg'ence . )

nw( A,
M, n&ég i.nl;( he” poinb: (@) l:l.ght diahurbances

g experinen t.a.]) lassi

(§2) =me experimentall obtain‘
e The;” type ko which

\gcoord:\.natesg 'r’] of the point

for wh:Lch the interferogram and its "eyes 8
uPs Pamf (e) 5emfmj a my

-—bb\e /r.L (M -——————""n’

i
CIA-RDP82-00039R000100040040-3

C et D‘fehM amowvr\‘k
(for example '”'/24). gimultaneously,

"

St C;S?) bt’éﬂjf a’t“:‘ermme;
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N e T
Pt » the fenergy-disperaion epot |element, the polnt (f2)
)

belonge,
abservation J

4 From the 1mediatm of the 1nterferance pioturaa on the

1ePHTeS,
optical ayategk, obtainea or various

diecharge “pupil' of the
é points (§2) of the enorgy=diepersion epot, this ppo :an.n b'?&ﬂéééﬁe{f a:f w, ‘
{

Alpe Lt focal nucleus, the picture of the focnl linasénd diffusion

elements can be conatructed and 4&( evalua.s%'g o their brighhneaam

et

At the same Lime,xt?he geometric place of the pupil poin A"an - ccr.s‘;’ru:'t J ¥

. vt oF
«siructd® from which the raya\p%'»{o the point%or the enerz.;y-disfe\"!wﬂ '
\I wned latel v
pewedon spot of a given type.’ (\ e role bt" various® pupil eegmmts cen

le - i)
be evaluated :L'x:\t row%’ tfe d«x@:&nn.

By a comparison or/\enemg-diepe rslon. spota » constructed with the
) v thoseWohserved
i | aid of the interferometer, with Hnyﬁ\ad-i-nga dn a.ctuoa]] imilar arrange=

‘ RC AT =% e ) —e
: v ment.!' he properties of various types o ,\energy-diapersion gpot/ elements a’5 ‘j’

w b
) gghropertiea of}f\gorreapdnding type of discharge- pupil elements of optical

o systems wore-eonnestade 0 ol o —fa

Thus, the proposed method of wme interferogram "eyes' -eneuaaee—bhe 4
m&b&&m( nmediate\ a.luat%on—o# the role of vnrioue sogments FM”Z_,

. i'
e ! Y lonlef: B Vs @ ' :
“ . E of 'bhe discharge pupi% en in/\i‘orw 4;41 o b-lze given L
g& element/ ite o field,, and deacr.:l. ropertiee f/ff[" /m\-a-dl-' ‘
N‘l ) b ‘
ga The center of the comparison s herecb mn&ﬁvdthf various points
‘;‘5 tead fﬁp "'/’“Wn nan’s

<4

(Q) of the energy-dispersion spot, . ﬁjil’uryman\le interferouneter is re~
~tlo < p/m// L

presented as the center of ﬂ;ﬁciria—epeeu&um of the instrument. In

the case of Linnik's interferometer it is represented by an opening

I

which appears as the source of spherical diffraction waves. Joining

the cen’oer of the ccmparygf gphere with various points ( 53) of the energy-

ST
dispersion spot can b recordex/ when the coordinates E 5
I

whi'eh (i¢_ebservecl
of the point (52) are—found i‘oxnhhe interferogr% On the other hand,

’
the coordinates of the pupil point) Acan;f{g register,ﬁﬁ' by% interfercgmnf
W, from which rays gg to point (zQ‘).

- 15 -
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/ a""ﬂ'ca.n Wﬁm%wwe-aborration sunface _/ /fB
of its polnts with coordinates Eg ;7] . To this corresponda u&s/\%
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'
- ’

s
interferomster, instead of 3&@ the center of a
:Fherzm o

W in a certain foousing plang, by maintalning ite posi-
: t:!.opk‘%e angle of inclinatio‘& between the wuve-compari-

U
son plane and the waves,arising from t,h objecteurface (sur-

R YRRL

face of vave absrratiﬂ. The courdimtau E ’ “f] /;/\ g\ rresponding =
e point (5?) of the energy-dispereion spet, are easily ohtained from

't‘a, ¢
the vslwasmalk thls inclination angle. The (obtaine interfero=

grmfhﬁap.;eura as if the center of the

AR NN

_beenf-ph“d-ab the point (52) with these coordinates E .“’Yl o Act=

ually, from-ﬁn wave-sberration, surface ,/ —,/{[, (X; ) for any point <k3/ /
1

/

(9 ) of the dispersion spot, 'otga&fbiie&# ﬁgordina.te’?? vDJhich ore 5;*‘ 3

(X/ or any other

}m of the centers of the compar ’s)phere in cgnsTan; focusing

plane-&’%:-d.ﬁgns% J)’fﬂ SE__§1 -5 ‘j‘_"r)z“'ﬂ,-

If r is the distance from the discharge pupilA ystem to the focusing:

e z‘

plane and S'E ST) <L ', then the indicated transfer' viith the o :
aid of the expression X'/‘f C = ’

//JBL //‘Q’+/4 < + i
where A, B, E, are constantsj : A= and C can be
made equal to any constantwuwv 7 In other words the valu g_of

(ene adda alg.a a,uz Ll

the wave akerration _/&2 ('X, ) ), ,deviations i@—a@e—added

) Y .
from the X,y plane inclined -bzitrh %ioh whiek~is determined by the

A y an ﬂwmm{‘

«ggiuges=of-the coefficimnts A

~for* Cem 5o
Thus, if,ig; sn-unchs: o ngi.ng position j(g) of the center C of the

f//g,q(n/ mirrar ?/
fie-speoutum whose coordinabes rare E,, 7’] ) the yave Acomparison

d relative to the we.vep) Awéihg f ox?l\
.

\/ ice
(or versa) by a certain angle u, then the
brnd sp erical virror
will be -ea%/as if the conter of the'speeific—speewlum

from the point (Q/ ) with coordinates 2 | ,Y} by the amoynt
g—-— Ar* == Uyt
- 16 - ‘ ( V

had been displaced

be’wm/ mirrer Al eon sivfed
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Lane he cm‘:mw:ﬁ. ;’5 ] j/ nkended ]

where ux, uWEhe angle of turn mdﬁ")—kﬂékm the point («Q,g )
with tho coordinates §,==E+ U and Y= NFuyr o

Interference bande (iagberration lines) Mhewhﬁwn pupi l

pointe (0) from which tha reye -nnbjbro-the miven point (§2) of the dis-
erimpogee lnt) on) possess.)
persion apotTg the center of the comparison aphere,-haﬁ a

characteristic form ("#yes" of the intarferog,ram) depending ,en the type

o
i
gz
4
5

. CE to which the' nunil point (0) belongs for the wamined locusling pJ.ane

ey

v and given position of the point emitter, Since the mentioned pupil'

pointe (0) correspénd to the experimental points (0) of the wavee-aberre=
tlon surface for the point (£2), whem the slements (0) of the interferencer '

| ’ pictur’eum;another characteristic property. They appear as "centers

of disturbances" of the interference :Lcture. This signifies that if

P
:-bhe optical paths hetween

% v . the difi‘erence

interference waves)(for example, pressure of the fin er on the inter= :
arpie, P e sl aliist)
ferometer) ‘and at.the same-time~taics the interference pictufi then it

S
can be noticed that the bands of the picture are red, -dram—bo'trwm)w(
' ' w/
the indicated centersof distmrbance or‘gee%&mg from them. z’ne centers

6//e s . ’ ‘
of disturhance remain W&e - f":' s .4/ l e

et
L o et

The following @orresponds an increase oé‘ the difference oi‘ the

optical paths between the interference waves, The bands diverge from
Fkeen &
the center of disturbjnfxﬁggg;ﬂihe point (0) of the picture, if,the wave=
aberration surfacel point: (0) s & maximum in Lhe examined cross-section.
zﬁh

The bands are dra._{in e ‘center of disturbancg in the case of a mbnimum.

f ke point (Q) e it& wave-aberration surface is bhe mlcurvature ,point nﬁ 5//

in the examined croecs-section, then Lhe bands-fvum-one elde are drawn 'tawwu(

V(rey. 3)..

J
s
{
r
vy
. the center of disturbance and -i-mm-the other/‘are drawn way "from it. \
Let rays pass through the point (§2) comin§ kfrom several pupil

"

. points. Corpespondingly there occur several c{ﬂers of disturbance of : '
Durin can-hmww; variation in /
the interferogram. upted-ehanga=of the n.nclination of

a ;e N SR
aemf‘éw%n vave]bﬂadkwhich determines the lgﬁ;%ﬁm of the points .

) of the dispersion spot, the positién of the points of n.ts tangeney

e

/ (.2;7 /92 6‘ 72/*/'# mnt/f se fﬁ z‘/e Aﬂﬂwmﬁwﬁ df 4/1574//'54/#& (ewﬁ/zr /
/ /M m ﬁvry’vrp mymy //; r/’mgﬂﬂ/ﬁe / -z’ée jé&f'm"ff”-’f ﬂé&/“/‘ﬂ?‘lah 4//%/(’(7‘/‘/&{(3%‘
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PO e

SUR R S

U .

I

v
to the wave surface grising from the ahudie ob;lect (wave-abarraticn sur=
V(UL&LJ., vl gy

face) is-mint.ernu»w\%-?h . Ther\wa,ve I\ooumarisonjgl_am) can be in-

{ [
clined so tha the (‘adaaaent} centers of 'diatm hanea of the interfero=-
A ] %
grom are dé: acod toward each other, m-#:&(& Lhe velue of wave eberra=
' W made P '
tion between them beaom all the smaller and) atuﬂ (certain inclination

SEnAES ot

of the,\wa.vaﬁcompariaon fpleme it becomes eoua.l to zero' Loth "dia..uramm 3

"
zonea”run togethcr/\i‘ommg an extensions of each other. Vhen' centera of B i .
dieturvance( are dvawn cllg ﬂe to each othe_x)re r:;;:é\ elliptical, hyperbolﬁ,
nonfocal umbilical' pupil pointa[ then a parabolic pupil péint is formed
in the corresponding cross-s-ction, Vhen' centars of disturbnnce@; ...
@ﬂzﬁzgg?nbing pa.rabolic pupil _points in their cross- sect.ions Sivab

""'" {% «a®e orthogonal to the direction of a.pproach, then an wibilical pupil péint 40

formed, If t;he aentera of disturbance approach each othejrepreaenting

pare.bolic pupil points/in their crose-sectionu coinelding with the direction

i
of approach) then anfparabolic) area of pupil points is formed, -In the
T
-5orm0\7‘l'0'1 o:t‘:faarabolic\pupil point_, the line joining the approaching
4
centers of disturbance determines the wain eross-section of the\pupil’

slement’ hikh corresponds to.the direction of the muin eroas.scotion

-
of the wave em%‘é glement ., ,

Deee-ri-pb:em—e-s the/\pmrties of elements ﬁf interﬂerogrmn around
pupil points (O).frém which rays .g,omto-/..)pmint JZ)) combined \ﬂ% Lhe center;
of the comparison sphere, permit.;’g?;b—:ﬁ localf{zﬂb\bn-oﬁ these pupil points -
(0) andAdetermineM-ea—e; their type.

T e ow o "I‘hus with the ald of the interferometer, the ener;@r-dispersion

L . - . oqp”""

- -
spot (its fosal nucleﬁe—, focal lines and diffusion elements) can be

Py Lok 4244 03 1%on
immediately constructed/’p/ any focusin [) lge&bien-
'

luminous point. The geametric place of the pupil points of a given type
]
can be consturcted, In particular, the geometri ?lace of the\pupil

points can be constructed from which rays maﬁnim the focal elements

of the dis,persion spot. The caustic surface can be constructed for a

251 1oy .
. given wocatdeon of the \luminous poin‘o.

e '
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The a.bovs-indieeted conetrustions are immedintely obtaiqed from
amai

aé)'r’f r‘r7f‘/'_0ng f
-ﬁnﬁmgea the appara’oua. 'I‘ha a%v of @ t.um of tk;e’\wave ompariuen ‘
studied objee)oﬁsivea

[ planel rcla.tive to the wava aurfuce arieing from hhe
the coordinates ( -a.\\ ) of the diaperaion-spot point QQ). WithA/aid

of an ocular micrometer provided with an nddithonal lensd, the coordinates
from which rays go Lo Lhe goint (52) are determined i

)
of the' pupil polnts

I3 ;
£b a given angle of turn of the vav

Y ol e
described criteria, Jfbhe type ﬂa/\determinel' to which these pupll points

ngly, the t.ype to which the dispersion-g

thact of
V'l‘he T8 the Interscction of the caustic

Acomparison pln.ne’ Using the above-

belong and, correspondi spot element

around the point (44 ) belongs. |
surface vith the focusing planc for a given position of the lunﬂ.noua

e tth bast o
the resul'os of —the work on a

point’ can also be comtructed/\ba,sed-on(
e c(
photogreph of oRe interferogram,ae vas done by Sy(yueane/z‘ [ h _7 ¢
this it is necessary to use the very laborious, halﬂ graphio, helf cal- . :
(Ll{mul(.:_ 2 u,t “‘f‘ﬁ ~7 . S
8 -

culation method. The above-deacribed method 3erud.4:e a-sol

0{) f‘"’ﬂ’/}ﬂ”")‘a - K |
from the immediate\ f&n&inge'—on- he interferometer noticeakly v

problem
o certain

(AR '——/‘—Jlr ¢ e
fe.ster dﬁconvememl,v, Actuadlirv the matter here leads t

s f" reqyer |
manipulations and readings .aa:ong—bheﬂacalf] the proposed method e s

permits the immediate evaluation of the comparative brightness of the
lobservation’

£ the focal lines, the »f—imd;)@g (of the properties

of the pupil ! elements around tlhs‘ oints of 48F¢ various typee end deter-

lmaaes /
heir role in the formation of k4 detailed daeeré%tr .
obtained by the above-

olements of the plcture o

mine.tion of ¢
Figl 1/ Bhows an interferogram photograph,

deecribed method. E‘.xamples of dlecharged-pupil pointe of various types
w— o (W “wade oAl 4/ -;Zeu;

are included. The photographme}a%e—%e Teasa.r Vi photo-ob;ectwe

d in the light oi‘ p sodium lanmp . w{ﬁﬁ"‘,'

e

E|

= 300, l°h.5 and were obtaine

2; ' 7?2/ various e.ngule.r distances -erf the lumn.noue point from the optical axis f
|
|

of the object s.nd for various foousing planer. The white 'spob on the /
c

wndiee e .
interforogram ¢hows the i:eea%ion of the pupil center (-be of the ;

ML\ Wm.
The dark pointe on the interferogrm-é?é: the -]ﬁeerm'rr / PR

coordinates).
]
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C&Eﬁw ?ﬁ":‘-

focusing plnn; ¢ ocua of \eappite

pupil' element around ile center, to the e

off along the main ray, s ,-ﬁ:dJ .

/ Motograph 1, ¢= 2°°,' dg=0.0; F==0: 054”‘"")'7]‘0 el
. A’Igl\a\pupil' point is wibilical. The point (Q) of the digpersioh
spob wilth Lie Lndlenbed coordinabes, Ambo vilch the rey comes from the
exmnined‘pupil’ point, belongs to the focal nucleus.
Boboy2s = 107 dyme 02 v § B = 0,01 00 S 1 =003 youm
The pupil’ point ie umbilical, The point ( Q) of the dispersion

gk P .
spot belongs to the focal nucleunm, £; to th:l(.s Apczint 52) ’E rey rcémea
(w -, 'f ¢
from the elldptical 'oupil’ point (below);A’(.m ‘diffusion clement of the
dispersion"spot is superimpoaet‘ *n the focal nuclaul.

Pgt‘\f“é. ‘I‘“ o° N (‘L‘::—-/ | mm; "_o

/) ¢ ,bfa
Here theroccurs anaﬁzee. of ;imbilicnl points dilstpw (yﬂ.ed around
the cirele, from which rays pass to the point (IQ) of the disperiion
spot vhth the indicated coordinates. The point (§2) belongs to the
Te
focal nucleus. #% this point (AZ) Shens passes a ray from the}»pupil'
center, with which its nonfocal wrbillcal point coincides.
1 , A b
17\'.8’007h. $= 0’ de=00,5=0, y]’ o
’ . ’ ton
In the'pupil center and around it is amrea of wrbilical points.
Rays from them pass Athe point ({2) which belongs to the focal nucleus,
The point (:Q( ) coincides v.ith the focus of the paraxial rays.
zfgt,o?f./ é—-— 15 )65—0 0, f——o 0 V)-":OO
( n «.ﬁ\_
There occurs eq-éﬂeq of parabolic pupil points and three of its
elliptical poin‘os.
L
hid?, $= 23 dyroo, E= =005 mmS N =0
There occurs D}t ea of parabolic points‘ and one elliptical.
Lo
hd 7, § Jds= ~0.9mm; EZ0; sMN=o .,
RLdLpy dv.v r-14r'a.(.o(
Here there 'exlst twooja-peae of parabolic polnts, af ; in

- 20 =~
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s Beo pa

S i
\

c«(lm«c,, "'é'?o
concentric circles from vhich rays pass appreximabely-ind® one point

(ft)/),.' The point (/2) belenpgs to an astigmatic fooal rucleus. In the o '

/
center ﬁa&%is Foundt o non:i‘oonl umbi.lical ’pupil point,
I;:étg;\" . d=12.5%d,=+0AmmE =-o.0|5'mw\,"v‘]=—0'036 mm.
el on ‘
There oucurs 9\ of parabolic \pupil' pointe from which rays

arrive ot N -
pasain the noint ({2) with the iniicated coordinates.

£ ] ' .
ped G, d=25%d,=-+a I mmiE=c /1= —0.09 mm. o
\ | arrives at
The pupil point is parabolic. The ray frgm it Pagsos the focal
)V((glement))

element of the dispersion spot,,kasatsa pround the point with the in=-
‘,;((/_U//bﬁe’w') AN
dicated coordinates. The direction of the main cross-section is shovm
IO
by the dot‘be? lgne.
v . [ —
'Png‘w{O. F=0%d,=—0Gmm; E==001Tmm/ N =0,
g?the point (;9) of the dispersion spot with these coordinates J e
, -
pass the rays from tvio pambolic‘pupil points and one elliptical. 'ﬁ»w

elemen‘o meet) of two focal lines belonging to two bands
L aT A e ‘

(61‘ the caustic surface
P81, p=25° 4= 40, bvam ) E= ~-0.04-Emm q=-+maoé‘mm,
%—athe point (Q) vith these coordinates, raysz pass' from two '
' !
elliptical\pupil points, fromttwo of its hyperbola points and from

ong parabolic, ' .

Foto 12, P==23°, dg=+1Tmm; E=-+0.025mm,; =0
“To the point (ag) with these points, myslpass from four'pupil/.

points - three ellipticsl and one hyperbo]ﬁ'?

The dispersion spots, constructed with the aid of the interfere=

&_ obresired vmdin) :
mebar, were compure Wi’t‘h] Sladdnze—tm(actual conditions for the same

bositions I
Tlengths of l':i.ght (wavee, }’goe.i-i.on of the \lumd.nous point and focusing

plan“e. The purpose of the comparison was to study the properties of

the dispersionsspot elements of various types in connection’ with the .

propertles of 'pupil' elements from which rays pass #to Zheee disper-

observations e )
slon-spot elements. The -fimdirms and photography were with the M&P 7 AN !
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a w;«m

mb with a " nodal carriage placed before {he collimator. In

Ji WSSEEISEE.
the focus of the collmtorﬁrouo.ln pening,a!wero Elaced)or varlous

: diameter which were illwdnated by a acdium lamp. The mechanisme of

¥ Y e
L o Lhelwiant, vith the ncdalmtaﬂa wee the a.mo W'rwj W‘N“

v g oo
e interferomoter. In - plese;of the center of the\ amw

m the ob;ject \point of the microscope. In place of the microacopa’s

)

L I+ \s’ v: ‘L-t min
eyepieeo fldd 'Wace an ouldar-alcromater or a,‘-aeu&& % photo-

apparatus witlﬂo—he%m‘f objecﬁe In both instmmentﬂ
an unserewed

ob;ject‘via 80 pla.ced..that :L’os gecord modal point is fomme on thsd\uie

of( its )‘r;‘ga;ibn. po ia ensu.rfd the simile.rlty of the focusing '

nof the luminoul point on both inltrumenbAK hﬂ.cro-oﬁjed‘u/es‘
aneetel )
the aperhure of #he <z

planes and’\positib
ad
apesbuses vere used vith Aa.perturen which

!I A]‘/Méu(dv&oé ob.jecWe .
illuetruta/he use of the

The schemes and photopraphs of)ﬁ ;

o -
S

oo
;‘ é Y abovesdesceribed method OIWW T i :i.?\teri‘erometer and
:r L compmo; the dispera:\.on gpot conatmcted viith ﬁ%}{k Lerferometer with
, - astual WD The date.%iven -on E.z;})’z Tehate to Lhe Tessar C"S“ il
s g }-—’kme photo-obaectAf = 300, lthd A‘ an angular distance of the luminous k

point from the optical axis oi'C_[D— /5°  The distance from thessecond

uve
nodal point of the object/\(to the focusing plane is 2114 mm.

osl'l‘non !
Interforograns describe the ) of the pwra.bol:uc pupil

points. Under aach interferogramtiere are indicated )in microns,
the coordinates E,’/‘l of the point (52.) of the dispersion spot be-

lonymh to the focal li.ﬁe element , tg whn.ch the ray passes from the

- gr
Mparabohé pupll po:.: n§ I”"?c"heme 1 wkepe are c;netructed the
oS

\
discharge pupila of the objec’r, nd /a!n it the geometric-place of the

parabolic pup.l.l poin’oa. Here the coordinates fﬁ] [ are also indicated

) of the dispersion~spot points, dato which the

(expressed in microns

rays pass from these pup:.l pointj In schgme 2, the plcture is shown

re
of the dispersion-spot focal lines )whicl'>( constructed with the ald

ace
of the interferﬁﬁ%m\the aboveedescribed method, Around the points

-2

il & e - ,(‘1 4."' g ,‘, o 1 3
ed in Part - Sanitized Copy Approved for Release 2012/05/23 : CIA-RDPB2-OOO391§600100640040—3 -



g

o
i

e

, }
Declassified in Part - Sanitized Copy Approved for Release 2012/05/23 : CIA-RDP82-00039R000100040040-3

of this pictuznyhe coordinates x, y@_aht@(expreaaad in milli-
mettera) of the pupil’ pointe, from vhich rays pase ‘igw these pointa,
An enlarin;el}gﬂia shown here of the photograph °f/\di°p°"if£ spot
obtaine A the epparatus with thca nodal earriage "

eimilar to those for which it was conatructed by the interferometer.
% ;rransemenb;, gimilar to these for ngg, were m Zi‘or
various angular distancaa of the Juminous noint from the objac axis
and for various i/'Acuaimr planes,

Later it appeared.possible, by way of certain readjustments of

observe
the interferometer, to 'ﬂﬂé tand tol immediately photograph on Lh7
-+ e
interferometer an enlarged energy—disper'sion spob by/\placing Aatad-ne

("probes") on it, making a dispersionsspot element 4R which rays .
pﬁ;e'f-wﬂgt)
o)

Eoﬁnd emd

from the "eyes" of the interferogram pass, , The latter a
photographed simultaneously. Thus, tho%m between the pupil
elements and the energy-dispersion spot elements is graphica.lly re=
Mm’. annfyee
nresented on photographs which canfbe easily measured and oae!ﬁeed.
etyween)
Brope-ooowis & good corr(ez“;:pbn e% thecenergy=dispersion spots,
/
constructed with the aid of the interferomater) and actuzl observations.
Submitted for Publication
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Ts Ne Flg 1 = Photographs

Fig 2 = Photographs and 2 gomplicated graphs,

Vw/XW//
~Ne3.(7 /‘74/ ’ 4‘[)
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